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ABSTIACT 

A fiber  optic  U.icr  Dopplar  VelociMtry  system  mi 
developed  lot  th#  flav  Maturement  » round  a thlp  model  In 
the  tovlng  tank,  lac  tyetsm  mi  -uti  to  ttuun  unstetdv 
fl«i  in  front  of  an  oporeting  prcpiller  In  tfca  turning 
condition  of  t a hip  noUel  in  Older  to  graap  tha 
clwrectarJ.atlca  of  propeller  inflow  field  during  th* 
transient  tui.ning  nation.  ?roo  tha  Matured  data,  it  i» 
found  that  tha  propallar  inflow  fiaid  change • 
cnmplieatedly  with  heeding  angle  of  the  ahip  nodal  during 
tha  transient  turning  action,  and  tha  axial  velocity 
gradient  in  circunfarentlal  direction  becretu  ataapar  aa 
a whole. 

The  praaant  measured  data  are  considered  to  ha 
useful  to  underetand  the  characteristics  of  propeller 
inflow  in  the  transient  turning  condition  end  to  develop 
more  precise  prediction  method  of  ship  maneuvering  motion 
and  propeller  vibratory  forces. 

lATtaaXTIOk 

In  recent  years,  the  worldwide  environment*)  problem 
because  major  interest  in  political . scientific  and 
engineering  fields  end  various  countemjseurea  ere 
discussed  for  protection  of  the  earth  environment.  Tha 
grounding  accident  of  the  very  large  crude  oil  carrier 
■Exjron  Veldes*  Jo  1989  resulted  in  the  turning  point  of 
reconsidering  the  ship  structure,  operation  and  so  forth 
in  the  ihipbulldlng  industries  and  chipping  worlds. 

On  the  other  hand,  the  Sub-Committee  on  Ship  Dealgn 
and  Equlomant  of  International  Maritime  Organisation  (1HQ. 
3?*3;  reccommded  that  the  maneuvering  information  in  the 
fora  of  the  pilot  cord,  vhtelhoote  potter  end  maneuvering 
booklet  thould  be  provided  for  tha  sake  of  the  eefty  in 
navigation.  Thie  *4aru  that  Sore  precise  evaluation  ar.d 
prediction  of  the  ship  maneuverability  ere  dteired  for  the 
prevention  of  oil  pollution  by  calllclotte.  remminge  end 
grounding*  of  ship. 

the  numerical  simulation  of  ahip  manauverlng  cot ion 
i*  one  of  the  most  practice!  prediction  and  evaluation 
method*  of  the  ehip  maneuverability.  Nowadays,  the 
nuns  rice!  eluuletlon  method  based  .*1  th*  hydrodynamic 
force  model  cun  predict  fairly  well  *>,r  maueuvering 
performance,  such  at  ttatdy  state  turning  characteristics 
ffujino.  Kijiata  t Samamoto  1990).  however,  more  precise 
prediction  of  th*  characterietice  of  initial  phase  of 
turning  notion  i*  considered  to  be  uttfui  for  th* 
prevention  of  the  collision  end  grounding.  These 
maneuvering  characteristic*  etc  considered  to  connect 
clOiely  with  the  stern  flow  field  at  transient  phase  of 
turning  before  e ship  reaches  a steady  turning.  It  ie 
also  experienced  sometime*  thet  ehip  *t*rn  vihnticn 
he ccm*>  Isrgtr  during  transient  turning  motion  rather  than 
running  in  a etreight  or  in  steady  turning  motion. 

Thtee  facts  suggest  that  propeller  inflow  at  the 
treneient  condition  such  ae  the  initial  phaee  of  the 
turning  change*  Considerably  from  that  at  the  steady  atate 
condition.  la  order  to  predict  sore  precisely  ship’s 


maneuverability  and  propeller  vibratory  force* , therefors, 
it  It  naettatry  to  fctow  the  propeller  inflow  a.  th* 
trtnaiant  condition,  which  effect*  significantly  on  tha 
thrust,  torque  aud  side  force*  of  the  propeller. 

Usually,  mvasureuut  of  ateady  flow  around  a ahip 
modal  in  a towing  tank  1*  conductad  by  ua*  of  swlti-holv 
pitot  tube.  Recansly,  flow  msaeursMbto  around  ahip 
models  in  oblique  towing  condition  were  made  by  ut*  or 
multi-holt  pitot  tube  for  development  of  marhamatical 
aoeal  In  ship  maneuvering  notion  and  further  under* tending 
of  a relationship  between  flow  fiaid  around  a ship  and 
hydrodynamic  fore**  acting  on  th*  abl-  (lUaogucbi  194*. 
Honaka,  Puv*  8 Nlaur*  1986,  Matsuat  o,  Suamitsu  4 Xuaakawa 
1*46). 

On  the  other  hand,  ae  axemplta  of  unataady  flew 
aeasuisment  around  ship  models,  stam  flow*  of  ahip  modal* 
in  vavr*  '-■ere  Matured  by  ut*  of  Laaar  Dopplar  VelociMtry 
'Aalber*  end  ran  Cent  1984)  and  a propcllar  type 
valociwfitsr  {Bimeno  Chang  g Ohiahl  1984).  However,  to  th* 
euthor*  knowledge,  there  it  no  paper  with  respect  to 
unateady  flew  MtauraMnt  in  th*  vicinity  o!  an  operating 
propallar  at  turning  motion,  to  which  tha  pitot  tube  can 
cot  be  applied, 

In  th*  present  etudy,  a fiber  optic  Laser  Doppler 
VelociMtry  eystam  i*  developed  end  1*  used  to  sMaeure  th* 
unsteady  flow  in  front  of  an  operating  propeller  in  the 
forced  turning  motion  of  a ehip  medei.  And  in  order  to 
clarify  the  characteristic*  of  propeller  inflow  at  the 
transient  turning  condition,  instantaneous  velocity 
distribution*  at  th*  plane  in  front  of  the  propeller  at 
each  heading  engle  of  initial  phae#  of  turning  arc 
obtained  from  the  Matured  det*.  For  reference,  propeller 
forces  ars  calculated  ueing  the  above  inatentaneou* 
velocity  distributions  to  examine  qualitatively  the 
feature  at  turning  motion  of  the  ahip. 

mo  omc  us**  tx>mj*  mocnccm 

A few  systems  of  User  Doppler  VelociMtry  (LDV) 
were  applied  to  the  flow  measurements  in  s towing  tank 
ftirschnec-  end  Uudan  ISiO.  fry  and  Klu  1914).  The  LOV 
system  requires  a relatively  large  etrut  to  support  * 
probe  end  to  conduct  the  laser  hta&s  through  the  water 
surface  to  the  probe.  Th*  etrut  My  dleaurfc  the  flow 
field  appreciably . eepecielly  vhen  the  ship  model  l* 
turning,  a fiber  optic  LBV  adding  fiber  optic*  to  th* 
traditions!  LDV  system  it  suitable  fir  flow  Maturement 
near  e ehip  model  In  a towing  tank  because  only  a small 
probe  can  be  pieced  directly  in  th*  flow  without  creeling 
*n  appreciable  disturbance  and  the  probe  connecting  with 
flexible  fiber  optic  cable  ie  highly  maneuverable.  A few 
application*  of  fiber  cptlc  LBV  in  towing  tank  were 
reported  cc  far  trey,  Jeeeup  4 Huang  1987.  liocquet  1947. 
Xakugawa  *t  ml.  1989). 

Th*  tuo-componam  fiber  optic  LDV  system  for  th* 
towing  tank  of  th*  Nagasaki  Research  end  Development 
Center.  Klteubiehi  Heavy  Industrie*  IK21)  wtc  dsvelopad. 
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r.*.l  schematic  of  Flbat  Optic  LDV  Syatam  ia  Twin*  Tank 


Tabia  1 Main  Characteristics 
of  Fiber  Optic  LDV 
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Th*  achaaatic  description  i«  shown  in  Fig.i.  Th#  «yatea 
eonsiat*  of  » latar  tubs,  an  optic*,  a proba.  a counter 
procesaor , a trcvaraing  mechanism  and  a minicomputer 
(EVS) . Holt  of  than  arc  placad  on  the  towing  carriage  of 
th»  tank  and  only  th*  traversing  mechanism  connecting  with 
probe  by  aupporting  strut  ia  mounted  on  the  ship  nodal. 
The  cylindrical  prabv  with  eon*  at  the  head  ia  AJse  in 
diameter  and  200ao  long,  and  ia  placed  in  the  flow  in 
parallel  vltn  the  canter  plane  of  the  Ship  modi*.  Tht 
laser  bairn  and  back- scattered  light!  era  tumid  to  tha 
diraction  of  right  angle  by  a priam  placad  at  the  head 
con*  of  th*  prob*.  Th*  prob*  i*  connected  to  th*  optica 
on  th*  carriage  with  a flexible  fiber  optic  cable.  of 
which  diameter  1*  Pee  and  length  ia  10a. 

The  atinicomputer  (Hewlett-Packard  Kodel  322}  1*  u*ad 
to  control  the  travertins  machsniaa  in  horiaontal  and 
vertical  direction*  with  an  accuracy  ot  O.imm.  to  monitor 
th*  Matured  velocity  date  and  to  attire  that)  on  diac.  Tha 
Min  characteristic*  of  tha  fiber  optic  LDV  era  described 
in  Table  1 and  th*  Mock  diagram  1*  shewn  in  Fig. 2.  A 
beta  produced  by  s * watt  Argon  ion  later  la  separated 
into  evo  pair*  of  incident  be**!.  graen  <wau»  length  of 
314. in*)  And  blua  (was*  length  ot  a£tna!  by  a colour 
aeparator  and  baa*  aplitter*.  vhic>.  are  included  In  an 
optical  unit  together  with  four  Itaggcalla  and 
photoouitlplier.  Four  laaar  haamt  are  transmitted  to  a 
prob*  by  polarisation-preserving  transmitting  Uteri.  Tts 
bam*  paa*  through 
tvo  focuiing  lem 
in  the  probe  and 
interaect  each 
other  with 
creating  angle  of 
g.S  decrees  and 
the  focal  diatanc* 
is  IQQan.  Tha 
Maturing  voluaa 
ia  about  0 . loo,  in 
ditMter  and  l.Taa 
in  length.  The 
counter  type 
tigsal  procaaaor 
it  adopted  to 
an*  ly a*  the 
Doppler  burst 
signal  obtained 
free  the  light 
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Fig. A Camparlasn  of  Steady  State  Velocities 
Htaturad  by  Fibar  Optic  LDV  and  S-Bola 
Pit-st  Tuba 


scattered  by  particlas  in  th*  flow. 

In  order  to  verify  the  applicability  of  thl*  fiber 
optic  LOV  in  the  tewing  tank,  flow  s»*«ur*aanti  were 
perforusd  in  a uniform  floe  firstly  by  mounting  th*  fiber 
optic  LDV  on  th*  towing  carriage.  Ai  ahown  in  Fig. 3,  th* 
maaturrd  velocities  coincide  well  with  the  carriage  apead 
and  tha  maaauraiaant  error  is  within  II.  Past,  the  steady 
atat*  v* lesity  maaauramant*  were  carried  out  at  the 
propaller  plane  of  a ahip  modal  by  the  fiber  optic  LDV  and 
are  eoaipared  with  those  by  S-bol*  pitnt  tub*  as  ahown  in 
Fi§.A.  A fairly  good  agreement  1*  obtaevad  escept  a 
position  of  r/S  • O.T  where  large  velocity  fluctuation  ia 
■aa lured. 

FiOf-iiin  umrw  K*AS36i>fiarfs 

before  the  propeller  inflow  maarufeaent*  i tha 
tranalaci  turning  condition,  verification  of  uni  toady  flow 
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Flg.S  Varif icetiao  of  Unsteady  Velocity 
Maaeureraaot*  by  Fibar  QptiC  LDv 
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maasyraaent  by  tht  fiber  optic  LBV  vac  made.  The  probe 
vat  fixed  to  X-Y  carriage  of  the  Seakeeping  and 
Htnauvaring  Basin  of  HH1.  of  which  dimensions  are  190» 
long,  3 Otn  vide  and  3.5m  deep.  In  this  meaturemtnt,  the 
probe  of  fiber  optic  LBV  it  in  open  condition. 
Accordingly,  the  Matured  velocity  auet  exactly  coincide 
vith  the  velocity  of  the  X-¥  carriage,  which  can  be  driven 
en  arbitrery  horitomal  motion  evtr  the  bacin.  The 
results  are  shown  in  Pig. 5 when  the  carriage  wat  driven  to 
make  a tinutoidal  motion  with  conitant  advance  speed. 
Pig. 6 it  in  another  example.  In  thlt  cate,  the  carritge 
was  driven  quite  arbitrary.  Two  velocity  components  Vx 
and  Vy  meatured  by  the  fiber  optic  LEV  t?LV)  agree  well 
vith  those  of  the  carriage,  it  can  be  laid,  therefore, 
that  the  pretent  fibor  optic  14)V  it  applicable  to  Mature 
the  velocity  of  unsteady  flaw  ia  the  basin. 

A very  l*,ge  crude  oil  carrier  model  of  about  7* 
lonj  vet  uted  far  the  fiber  optic  LSV  measurements  of  the 
flow  in  front  of  en  operating  propeller  of  about  0.25s  in 
diameter  in  the  initial  phase  of  turning  condition.  The 
probe  travertins  sarefcanias  vat  mounted  on  the  top  of  the 
thlp  model  and  the  probe  vat  arranged  parallel  to  the 
propeller  anaft  axis  to  measure  the  axial  and 
circumferential  velocity  eompon-mt*.  Hvtturesitfttt  wtre 
made  tnly  upper  half  region  above  propeller  theft-  Vhtu 
eeAturing  at  top  fen, shaped  rxgion,  the  probe  vet  set 
above  she  top  of  the  ship  eodtl  end  laser  beams  pe-estd 
through  an  acrylic  p*rt  of  the  ship  hull  aosye  the 
propeller  ■ 

a free  turning  teit  »f  tht  ship  model  was  carried 
out  beforehand  at  tpproaehing  spied  of  l.im/t  under  the 
condition  of  constant  propeller  revolution  a « Srpa.  Tim* 
history  of  beading  angle,  drifting  angle,  ship  speed  end 
*o  forth  were  recorded  during  the  test.  Then,  a forced 
turning  test,  in  which  Use  afeip  ftadel  wa*  towed  and  her 
saticn  vis  controlled  by  the  carriage.  was  cdRslccced  so  at 
to  be  easse  motion  at  the  free  turning  teat.  The  fiber 
cptic  tfiv  Matured  continuously  the  velocity  at  a fixed 
point  $n  frunt  of  the  operating  propel!*.  during  tec's 
Sorbed  turning  run. 

There  are  not  sufficient  pa.cc.icla*  naturally  in  the 
Staletping  aad  Maneuvering  Basin  <i(  Kill  lor  the  LCV 
meaturemaata . Therefore,  proper  particle*  Should  ba 
eeedad.  which  at*  large  enough  to  scatter  tuff  iciest  light 
tnd  small  enough  to  follow  the  flaw.  Although  Mtelli-c 
coated  sphere  of  is*  is  diaceres  it  considered  to  be  best 
fros  our  experience  in  1-cocponent  LSV  used  it*,  a 
cawitacion  tunas)  (Horhico.  Dsftiaa  1 tact  lime  IP*?),  it  it 
considerably  expensive  for  uea  In  the  See  I'  where  very 
large  queer ity  of  particles  art  nead'/e  because  tfc*  water 
does  not  circulate  and  it*  volume  ia  enormous. 

Pylon  pcvd.tr  with  disaster*  between  S*s  and  5s*. 
which  1*  cheaper  than  metallic  co*rei  *ph»re,  wte  ch-oeea 
for  the  seeding  despite  ol  it*  lower  reflection,  index. 
The  specific  grevity  it  about  i-Oi-  After  ea  extensive 
tett  ard  trl-,1 . the  beet  seeding  way  wtt  found  t-o  inject 
the  mixture  c,  powder  end  water  through  a vinyl  tube  put 
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Pig.  7 An  Jxample  of  Oats  lecoyd  Measured  by  Piber  Optic 
LBV 
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fig. 8 Axial  Velocity  Distributions  at  Typical  Beadirg 
Angle  i is  Tran* fast  Taming 


i 


at  the  bow  o£  the  »hip  nodal  during  esch  run.  In  thi* 
way,  data  rata*  hava  baan  obtainad  from  30  to  200  par 
aacoad  in  tha  above  turning  taata. 

tZSOLTS  AND  DISOTSSIO* 

Tha  typical  racorda  of  velocity  naaturaoenta  ara 
ahown  in  Pig. 7.  It  ia  found  that  heading  angle  of  tha  ahip 
nodal  atarta  to  change  with  an  appreciable  tine  lag  fro® 
tha  rudder  deflection.  Tht  Matured  valocitiaa  contiat  of 
a alowly  varing  coapoment  at  Man  valocity  of  unateady 
flow  and  a fluctuating  component  with  high  frequency  due 
to  turbulence.  Tht  Man  axial  and  circumferential 
valocity  ccaponenta  vary  gradually  with  tha  heading  angle. 

The  Man  value  of  axial  velocity  coapontnt  was  read 
manually  at  typical  heading  angles  fro®  the  Matured 
recordt.  Pig. 6 ahowt  the  circuaferantial  diatributiont  of 
swan  axial  velocity  cooponant  Vx  at  701  and  901  propeller 
radii  for  several  typical  heading  angles  before  and  after 
starboard  rudder  defleceion.  S denotes  the 
circuaferantial  angle  in  degret  and  patitive  sign 
expretais  starboard  aide.  ItMrkable  change  of  the 
circumferential  distribution  la  found  at  r/k  * 0.7  in  both 
starboard  and  port  sidaa.  The  axial  velocity  coapontnt 
increase*  gradually  with  increase  of  heading  angle  a*  a 
whole  until  f * 20*.  and  then  decreases.  However,  no 
significant  change  ia  obiervtd  at  the  ahip  canter  lint  (6 
• 0).  On  the  other  hand,  the  axial  velocity  in  starboard 
aide  et  r/k  - 0.9  changes  a littia  with  change  of  heeding 
angle,  while  that  in  port  elde  changes  considerably.  At 
can  be  teen  ir*  the  above  figures,  the  velocity 
distribution  of  propeller  inflow  changes  cooplicatedly 
during  the  turning  notion. 

In  order  to  know  si ore  visually  the  change  of 
propeller  inflow  during  the  transient  turning  nation, 
instantaneous  Man  velocity  contour  curve#  »t  four  typical 
heading  angle*  ere  ahown  in  Pig. 9.  One  can  observe  that 
the  vaicelty  gradient  in  circuafereatial  direction  bcccM* 
foage  severe  at  the  transient  phase  of  turning  rather  than 
fhit  before  rudder  deflection,  end  that  at  * » 2d*  ia  most 
severe  among  them,  further,  it  can  he  teen  that  higher 
velocity  region  a pussy  a maid*  the  propeller  diet  in 
starboard  aide  end  outside  the  propeller  disc  in  port 
aid*  luring  tl.e  transient  turning  motion,  as  oentioned 
above,  the  propeller  Inflow  fletd  Is  changing  from  accent 
to  taoatrnt  during  the  turning  surtion  snd  becomes  to  be 
unayooetry  with  reopect  to  the  ship  center  pUne. 

The  propeller  inflow  is  known  to  play  an  important 
role  in  ship  maneuvering  motion.  Skskw  the  propeller 
throat  ir  highly  dependent  on  the  propeller  inflow 
velocity  end  it  closely  related  to  the  strength  of 
grapeil*?  slip  stress  which  affect*  on  the  raddar  force 
very  saefc.  further,  non-.yn’-iSorcS.t*  of  the  inflow  field 
capais  lateral  tore**  of  shs  propeller  which  itsf.iuences 
COBSldesably  on  the  Mneu*«ring  motion, 

therefor*.  So  order  to  rak*  note  precleo  huserleal 
simulation  of  a ship  maneuvering  station.  it  6*y  be  of 
great  help  te  take  the  knowledge  to  the  propeller  snflov 
obtainad  in  this  experiment  into  account-  for  example, 
the  present  reaultt  mar  provide  valuable  data  to  esesti-he 
and  to  improve  the  hydrobytt*®**  mad-ei*  of  propeller 
Inflow  velocity  which  hsw  been  prapnaei  to  far  (FujSiw. 
Ssjtw  1 Hesasato  IS*:-? . Per  reference,  the  propeller 
lateral  forces  ate  approsimately  calculated  by  »*  cf  the 
ewaaueed  propeller  inflow  field  and  the  ratio  Of  that  £r. 
Kantian!  turning  «sii6<,  to  that  in  sitiigM  fiwaihg 
met  ion  i*  thfjwn  la  Pig. 19.  3t  •*  found  to  exist  ibeP't  161 
variation  os  the  propeller  lateral  forv*  during  turning 
tsusyen.  The  calculated  thrust  uf  or.k  Ulad* 
of  the  propeller  ere  as**  shewn  Sn  Fig. 51-  at.  aeplit'rf* 
cf  that*  fluctuatSca  at  the  transient  turning  oSvicn 
becomes  greater  than  that  he  foe*  rudder  defleitScr..  and 
the  amplitude  it  grreteat  at  $ * 15".  Thi*  tendency 
taccaepor.de  well  to  chat  of  prapliat;  inflow  field  aaan  it. 
Fig.S.  end  agreee  qualitatively  with  1**  feature  c*  ahip 
stem  vioretioa  soon  Meet  trper  stated  at  tht  lieginltg  of 
turning  taction. 

ccsaisiias  tssnis 

The  ewfc-csepor.tni  fiber  optic  i.SV  system  to  the 
towing  teak  wes  developed  for  the  experimental  swriit*  or. 
the  hydrodynamic  problems  of  pr.-pelier  .hu‘,1  intirmctlOn. 


Before  rudder  deflection 
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Pig  e instenttKeou*  Valocity  Cocicur  Curvet  at  Typical 
kaadieg  ASglar 


By  u«t  of  thl<  fib«r  optic  LDV , thf  propeller  inflow 
during  the  transient  turning  notion  m continuously 
gestured  in  order  to  develop  sore  preciee  prediction 
■ethod  of  the  ehip  maneuvering  cherecterietici  and 
propeller  vibratory  forces  at  the  initial  phiae  of  turning 
motion.  The  measured  results  show  that  the  propeller 
inflow  velocity  increases  gradually  with  increase  of 
heading  angle  except  at  the  ship  center  line,  and  as  a 
result,  velocity  gradient  in  circumferential  direction 
becomes  steeper  during  the  transient  turning  motion.  Such 
knowledge  obtained  here  may  not  have  been  considered  in 
the  prediction  of  a ship  maneuvering  motion  ao  far. 
However,  the  present  measured  date  are  just  one  example. 
In  order  to  develop  more  precise  prediction  method  on 
ehip  maneuvering  motion  and  propeller  vibratory  forces,  it 
— is  necessary  to  accumulate  such  dau  for  other  ship 
models. 


Pig. 10  Variation  of  Propeller  Lateral  force 
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